Spironolactone is a steroidal drug acting as a specific aldosterone antagonist used as potassium sparing diuretic. It shows variable absorption and bioavailability due to its poor solubility. The objective of this study was to investigate the effect of betacyclodextrin (BCD) on the solubility and dissolution of spironolactone using physical mixing and coevaporation methods. The physical mixtures of different w/w drug/carrier ratios (1:1, 1:2 and 1:3) were prepared by simple mixing. Also co-evaporate systems containing (1:1, 1:2 and 1:3) w/w drug/carrier ratios were prepared. The physicochemical characterization of the systems using differential scanning calorimetry (DSC) and powder X-ray diffraction was carried out to detect the interaction between the drug and the carrier, moreover, quantitative solubility and in-vitro dissolution studies of spironolactone alone and in physical mixtures or co-evaporates were studied in simulated gastric fluid (SGF) of pH 1.2 and in simulated intestinal fluid (SIF) of pH 7.5.
Brewster, 1996). β-cyclodextrins are 'bucket like' molecules; with a central cavity. The internal surface of the cavity is hydrophobic and the outer is hydrophilic. This permits the cyclodextrin to incorporate the nonpolar molecule or the nonpolar part of one molecule into the cavity, forming an inclusion complex resulting in better stability, high water solubility, increased bioavailability or decreased undesirable side effects (Rani et al., 2012; Duchene et al., 1999).
Solid dispersion system is defined as a dispersion of one or more active ingredient in an inert carrier at solid state prepared by the melting, solvent or melting solvent method (Kadir et al., 2012). Solid dispersions and solutions that are manufactured by the solvent evaporation method should realy be called coevaporates and not coprecipitates (Leuner and Dressman; 2000) . Solid dispersion method has been widely employed to improve the dissolution rate, solubility and oral absorption of poorly water soluble drugs (Tanaka et al.,
2006; Duncan, 2002).
The objective of this work was to prepare physical mixtures of spironolactone and β-cyclodextrin by simple mixing and co-evaportaes using solvent method of solid dispersion techniques to improve the solubility and dissolution of the drug.
MATERIALS AND METHODS

Preparation of physical mixtures
The physical mixtures of the drug and the carrier (BCD) in different drug/carrier ratios (1:1, 1:2 and 1:3) were prepared by simple mixing avoiding any grinding effect.
Preparation of the co-evaporates:
Co-evaporate systems containing (1:1, 1:2 and 1:3) w/w drug/carrier ratios were prepared using solvent method of solid dispersion techniques. The calculated amount of spironolactone was dissolved in ethanol and the equivalent amount of BCD was dissolved in distilled water, then mixed together till clear solution was obtained. The solvents were removed by keeping the solution in a vacuum oven at 40 o C till complete drying. The samples were then scrapped and powdered, then assayed for their drug content.
Characterization of the prepared physical mixtures and co-evaporates
Determination of the drug content
An accuratelly weighed sample of the co-evaporate equivalent to 7.5 mg of the drug was dissolved in 700 ml of simulated gastric fluid (SGF) using dissolution apparatus vessel at 37+ 0.5 o C and 75 rpm for 5 hours. The concentration of spironolactone was determined spectrophotometrically at 238 nm. Each experiment was performed three times and the mean was calculated in each case.
Differential scanning calorimetry
DSC was performed using DSC-60 Shimadzu instrument under the following conditions; sample weight range of 1-4 mg, heating rate of 10°/min, N 2 purge rate of 20 ml/min using aluminum pan hermetically sealed. The instrument was calibrated for temperature and energy with pure indium (99.999%, melting point 156.6° and transition energy 28.45 J/g). Thermal analysis was carried out using TA 60 PC system with Shimadzu software program.
X-ray diffractometry
The X-ray diffraction patterns of the selected samples were obtained using a computer Philips operating in two modes using copper tube radiation. A Cu target tube operated at a voltage of 40 KV and a current of 30 mA and a single crystal graphite monochromator were employed. An attached microprocessor utilizes a special software program to analyze peak position and intensities. Standard polycrystalline silicone was used to calibrate the equipment.
Quantitative solubility:
Quantitative solubility was determined by the equilibrium solubility method, which employs a saturated solution of the material in the solvent for a prolonged period until equilibrium is achieved.
For the determination of solubility, excess of spironolactone, its physical mixtures and its co-evaporates was placed in contact with 30 ml of solvent (SGF pH 1.2 or SIF pH 7.5) in beakers, then covered with aluminum foil. The beakers were shaken 100 rpm for 5 hours at 37+ 0.5 o C. It was found that equilibrium solubility was achieved by this period. After filtration, the concentration of drug in the saturated solution was determined spectrophotometrically at 238 nm after appropriate dilution with the solvent used. Each experiment was preformed three times and the mean was calculated in each case.
In-Vitro dissolution studies:
The dissolution of the drug alone, from its physical mixtures and from its co evaporates was carried out using USP paddle dissolution apparatus. The dissolution medium was 900 ml SGF pH 1.2 or SIF pH 7.5, maintained at 37+ 0.5 o C. The paddles were positioned 2.5 cm from the bottom of the vessel and rotated at a speed of 75 rpm. For the test, accurately weighed amount equivalent to 25 mg of the drug and prefilled in a hard gelatin capsule was transferred to the stirred dissolution medium in each vessel. At time intervals, 5 ml samples were withdrawn by a pipette fitted with a cotton plug at its terminal end. Equal volume of fresh dissolution medium was added to the dissolution medium so as to keep the volume of the dissolution medium constant. The absorbance of the samples was measured spectrophotometrically at 238 nm. Each experiment was performed three times and the mean was calculated in each case. The standard curve of spironolactone in SGF or SIF (according to the fluid used in dissolution) was used to determine the amount of drug dissolved. The cumulative amount of drug was calculated to compensate for the previously withdrawn samples.
RESULTS AND DISCUSSION
Determination of the drug content:
Table (1): shows the results of drug content determination. The drug content was 102.03, 106.27 and 100.30% for 1:1, 1:2 and 1:3 w/w (drug: carrier) co-evaportes, respectively. DSC analysis of plain drug, carrier, physical mixture and co-evaporate is shown in Figure (1) . The DSC chart of plain drug exhibited three endothermic peaks at 133.71, 218.11 and 222.57° C. The DSC chart of both carrier and physical mixture showed no peaks. The DSC chart of the co-evaporate exhibited a shallow exothermic peak at 230.64° C. These results may be attributed to the inclusion complexation and transformation of drug to amorphous state. 
X-ray diffractometry
Quantitative solubility:
The solubility values of spironolactone, its physical mixtures and its co-evaporates were calculated using the equilibrium solubility method. As it is shown in table (2) and figure (3 & 4) , the solubility of plain drug was 39.36 µg/ml in SGF and 29.68 µg/ml in SIF. In case of physical mixture the solubility was 84.39, 135.319 and 113.06 µg/ml for 1:1, 1:2 and 1:3 drug/carrier ratios, respectively in SGF, where it was 112.23, 111.87 and 116.31 µg/ml for 1:1, 1:2 and 1:3 drug/carrier ratios, respectively in SIF. In case of co-evaporates, the solubility was 66.04, 91.36 and 85.90 µg/ml for 1:1, 1:2 and 1:3 drug/carrier ratios, respectively in SGF, where it was 94.05, 93.36 and 96.81 µg/ml for 1:1, 1:2 and 1:3 drug/carrier ratios, respectively in SIF. These results show a significant increase in the solubility values of the physical mixtures and the co-evaporates compared to the solubility of the drug alone. The increased solubility of the drug in case of the co-evaporates may be attributed to the fact that a portion of the drug has been transformed from the crystalline state to the amorphous one as a result of inclusion complexation. The increased solubility of spironolactone from physical mixtures may be due to the fact that as the soluble carrier dissolves, the insoluble drug is exposed to dissolution medium as very fine particles leading to an increase in surface area and also the hydrophilic carrier enhances wetting characteristics of the drug (Purvis et al; 2006, Yonemochi et al; 1999, Chow et al; 1995) . The presence of carrier may also prevent aggregation of fine drug particles, thereby providing a larger surface area for dissolution (Kadir et al; . 
In-Vitro dissolution studies:
The results of the dissolution of spironolactone, its physical mixtures and its coevaporates with betacyclodextrin are presented in tables (3, 4) and graphically illustrated in figures (5, 6). The results showed that the dissolution was increased upon using the physical mixtures or the co-evaporates in both of acidic and basic medium through the first hour of dissolution. The percent released after one hour in case of SGF was 56.12, 64.82, 71.56, 73.85, 77.32, 65.34 and 71.47 for plain drug, physical mixtures (1:1, 1:2 and 1:3) and coevaporates (1:1, 1:2 and 1:3), respectively. The percent released after one hour in case of Solubility µg/ml Solubility µg/ml SIF was 56.14, 59.63, 51.28, 58.62, 60.08, 49.68 and 57 .08 for plain drug, physical mixtures (1:1, 1:2 and 1:3) and co-evaporates (1:1, 1:2 and 1:3), respectively. The increased dissolution rate of spironolactone from physical mixtures may be due to the deaggregation of spironolactone clumps achieved by the carriers in the dissolution medium (Kadir et al.,  2012, Ismail et al., 2004) . The dissolution improvement of spironolactone from solid dispersion might be due to lowering of surface tension between drug and solvent as well as decreased crystallinity of the product (Kalaiselvan et al., 2006) . Also the dissolution improvement of the drug in case of the co-evaporate may be attributed to the fact that a portion of the drug has been transformed from the crystalline state to the amorphous one due to the inclusion complexation with betacyclodextrin (Karatas et al., 2005) . 
CONCLUSION:
Physical mixtures and co-evaporates of spironolactone and betacyclodextrin were prepared in this work. The physicochemical charaeterization of the systems prepared indacated transformation of the drug from the crystalline form to the amorphous form due to inclusion complexation. The results showed an increase in the solubility values and an improvement in the dissolution pattern of the drug in case of the physical mixtures and the co-evaporates.
